ABSTRACT
INTRODUCTION

Protozoan parasites of the family Trypanosomatidae exhibit a n u m b e r of novel m o l e c u l a r p h e n o m e n a ( 1 , 2 ) . A m o n g t h e s e is the u n u s u a l s t r u c t u r e of c e l l u l a r m R N A s , w h i c h e x h i b i t a b i p a r t i t e structure in which a common 35 nucleotide extension 1s found on the 5' end ( 3 , 4 )
. This s e q u e n c e , the " m 1 n i -e x o n " (5) or "spliced leader" (6), 1s encoded by a separate genetic locus from the body of the m R N A s ( 7 , 8 ) , and 1s added by a m e c n a n 1 sm(s) w h i c h is unknown.
Another feature of trypanosomatid genes has been the g e n e r a l a b s e n c e of " c o n s e n s u s " g e n e t i c e l e m e n t s I m p l i c a t e d in various aspects of gene expression 1n other eukaryotes (reviewed in 1). To approach some of the questions associated with gene expression in trypanosomatids, we reasoned that examination of ubiquitous genes which have been studied in other species would provide useful comparative Insights.
The enzymes dihydrofolate reductase (DHFR) and thymidylate s y n t h a s e (TS) have been e x t e n s i v e l y s t u d i e d in m a n y s p e c i e s , because they catalyze critical steps 1n the de novo synthesis of p r e c u r s o r s for DNA s y n t h e s i s and are I m p o r t a n t t a r g e t s for chemotherapy (9, 10) . In mammalian cells the expression of the genes encoding these enzymes 1s growth phase and cell cycle regulated at both transcr1pt1ona 1 and post-transcriptional steps (11) (12) (13) (14) (15) (16) (17) . These genes have been examined using DNA transfection methodology, allowing localization of cis-acting t r a n s c r 1 p t i o n a 1 elements such as promoters, etc. (18, 19) .
Structural studies indicate heterogeneity at both the 5' and 3'
ends of DHFR and TS mRNAs (15, 18, 20, 21, 22) , with the profile of the different mouse DHFR mRNAs being Invariant thoughout the cell cycle (23) . OHFR and TS thus represent paradigms for the study of gene structure and expression.
In LlliJunairU and all protists DHFR and TS exist as a bifunctional polypeptide encoded by a single gene (24) (25) (26) . We and others have recently reported the DNA sequence of the protein coding portion of the DHFR-TS gene (27, 28) , which consists of a RNA f i l t e r h y b r i d i z a t i o n .
RNA was f r a c t i o n a t e d on 6X formaldehyde, 20 mM MOPS (pH 7.0), IX a g a r o s e g e l s (35) . F o l l o w i n g e l e c t r o p h o r e s i s t h e g e l s were t r e a t e d w i t h 50 m H NaOH, 10 mM NaCl f o r 45 m i n u t e s ; 100 m M T r i s -HC1 (pH 7.4) for 45 m i n u t e s ; and 20x SSPE for 1 hour (lx SSPE-10 mM NaP0 4 [ P H 7 . 0 ] , 0.15 M NaCl) and b l o t t e d o v e r n i g h t onto n i t r o c e l l u l o s e f i l t e r s . F i l t e r s were s u b s e q u e n t l y baked u n d e r vacuum for 3 hours at 80°C and stained w i t h methylene blue p r i o r to h y b r i d i z a t i o n ( 3 5 ) , a l l o w i n g q u a n t i t a t i o n of RNA and i d e n t i f i c a t i o n of m o l e c u l a r w e i g h t m a r k e r s . SI nuclease a n a l y s i s was performed according to the method of Berk and Sharp (37) . Two probes were u t i l i z e d : 1) the 575 base Sau 3A -Pst I r e s t r i c t i o n f r a g m e n t ( p o s i t i o n s +135 to -440 r e l a t i v e to the AUG t r a n s l a t i o n I n i t i a t i o n . . i t e ; F1g. ID), labeled at the 5 1 Sau 3A s i t e using p o l y n u c l e o t i d e kinase (35) and gamma 3 
l a n e 3 ) . A d d i t i o n a l h y b r i d i z i n g m a t e r i a l e v i d e n t in the t o t a l RNA, but not 1n po 1 y a d e n y 1 a t e d or n o n p o 1 y d e n y 1 a ted RNA is a t t r i b u t e d to DNA c o n t a m i n a t i n g the p r e p a r a t i o n ; its a p p a r e n t intensity reflects the r e l a t i v e a b u n d a n c e of the a m p l i f i e d D H F R -T S gene within the small L e i s h m a n i a g e n o m e (25). The 3.2 kb p o l y a d e n y l a t e d RNA 1s the only RNA r e c o g n i z e d by h y b r i d i z a t i o n probes from t h r o u g h o u t the D H F R -T S g e n e 1n log or s t a t i o n a r y p h a s e p r o m a s t i g o t e s or a m a s t i g o t e s (27; data not s h o w n ) . 1 n u c l e a s e m a p p i n g £f D H F R -T S mRNA f r o m p r o m a s t i g o t e s and a m a s t I g o t e s .
SI n u c l e a s e a n a l y s i s u s i n g the 575 bp Sau 3A-Pst I f r a g m e n t (see Fig. ID (Fig. IB, lane 1 ) . SI m a p p i n g of log and s t a t i o n a r y p h a s e R 1 0 0 0 p r o m a s t i g o t e m R N A s g e n e r a t e d identical nuclease p r o t e c t i o n profiles (Fig. IB , lanes 2 and 3) with the -245 product being a p p r o x i m a t e l y two-fold more a b u n d a n t than the -375 product.
B ) . The t w o m a j o r S l -r e s 1 s t a n t p r o d u c t s m a p to positions -375 and -245 r e l a t i v e to the s t a r t of t r a n s l a t i o n . T w o m i n o r p r o d u c t s m a p to p o s i t i o n s -295 and -1 9 5 . In a d d i t i o n , a p r o d u c t the s i z e of the fully protected Sau 3a-Pst I f r a g m e n t was observed which was not d e t e c t e d w h e n RNA w a s o m i t t e d
We Fig. 1C, lane 3 ) , h o w e v e r , the s i g n a l I n t e n s i t y w o u l d be I n s u f f i c i e n t to r e v e a l less a b u n d a n t s p e c i e s . T h e s e d a t a I n d i c a t e that by SI a n a l y s i s the s t r u c t u r e of the 5 1 Fig. 2) 
next examined mRNAs isolated from the w i l d -t y p e LT252 line, from either p r o m a s t i g o t e s propagated 1n vitro, or a m a s t i g o t e s
) and s i m i l a r l y s i z e d f r a g m e n t s are e v i d e n t in the p r o m a s t i g o t e s f r o m the p a r e n t a l w i l d -t y p e LT252 line (Fig. 1C, lane 2). Fragments c o r r e s p o n d i n g to the -1 9 5 SI s i t e and f u l l y p r o t e c t e d p r o b e w e r e not d e t e c t e d w i t h t h i s p r o b e . Only the 390 nt and 260 nt f r a g m e n t s w e r e d e t e c t e d 1n the L T 2 5 2 a m a s t i g o t e p r e p a r a t i o n (
end of D H F R -T S m R N A s is the s a m e in a m p l i f i e d and wild type p r o m a s t i g o t e s and wild type a m a s t i g o t e s . In a d d i t i o n , the l e v e l s of the SI p r o d u c t s are all e l e v a t e d in the a m p l i f i e d R1000 line. DNA sequence o_f U^e 5_^ region o_f U^e DHFR-TS gene. Blot h y b r i d i z a t i o n analysis of RNA revealed that the 0.7 kb Sal I-Eco RI f r a g m e n t I m m e d i a t e l y 5' of the Eco RI s i t e (F1g. ID) h y b r i d i z e d to both the D H F R -T S m R N A as w e l l as to a n o t h e r s i m i l a r l y a b u n d a n t p o 1 y a d e n y 1 a ted RNA ( u n p u b l i s h e d d a t a ) . T h i s suggested that the Sal I -Eco RI f r a g m e n t must contain any nont r a n s c r i b e d DNA s e p a r a t i n g the t w o m R N A s , w h i c h m i g h t e n c o d e c i s -a c t i n g t r a n s c r i p t i o n a 1 e l e m e n t s . We d e t e r m i n e d t h e n u c l e o t i d e sequence of this f r a g m e n t , extending 952 bp 5' of the D H F R -T S translation initiation codon (
+1 ATG
F i g u r e 2. DNA s e q u e n c e of t h e 5' end of t h e OHFR-TS g e n e . The DNA s e q u e n c e f r o m n u c l 
e o t i d e -9 5 2 to t h e I n i t i a t i o n c o d o n ( + 1 , m e t ) is s h o w n . The r e s t r i c t i o n s i t e s for
I n t e r e s t i n g l y , t h e r e g i o n f r o m -348 to -3 0 1 c o n t a i n s a s t r e t c h o f t w o p o l y d i n u c l e o t i d e s , (CT)4 f o l l o w e d by (CA)20-otner r e g i o n s o f t h e D H F R -T S g e n e c o n t a i n p o 1 y d i n u c 1 e o t i d e s , s u c h as p o l y -(GA) t r a c t s 1n t h e 3
1 u n t r a n s l a t e d r e g i o n of t h e D H F R -T S mRNA ( 2 7 ) , and p o l y -( C A ) t r a c t s w i t h i n t h e r e g i o n f l a n k i n g t h e 3 1 C o r d i n g l e y and SMB. u n p u b l i s h e d d a t a ) . W h e t h e r this  d i n u c l e o t i d e repeat plays any role in t r y p a n o s o m a t i d gene e x p r e s s i o n is u n k n o w n . 
end o f t h e D H F R -T S mRNA and many o t h e r r e g i o n s 1n t h e v i c i n i t y of t h e DHFR-TS gene (J. C o r d i n g l e y and SMB. u n p u b l i s h e d d a t a ) . P o l y -( C A ) t r a c t s h a v e a l s
Small s e q u e n c e r e p e t i t i o n s other than d i n u c 1 e o t i d e s can be found t h r o u g h o u t the O H F R -T S region, as
species.
We next examined the 5' region of the DHFR-TS gene for horaology with that of the DHFR genes from E_^ col± and several mammalian species, and that of the TS genes from E^ £021 (59) and mouse (21) . Analysis of the DHFR genes from mouse (60), hamster (61) and human (62) has revealed the presence of a conserved sequence which functions as the DHFR promoter (63) . This element, which can be repeated up to four times depending upon the species, can be further divided Into a "GC" element and a "CAA" element (61). ( 3 1 / 4 6 ) , 57% w i t h the h a m s t e r c o n s e n s u s e l e m e n t ( 2 0 / 3 5 ) and 741 w i t h the human e l e m e n t ( 2 8 / 3 8 ) . These v a l u e s may be c o m p a r e d w i t h the a v e r a g e per cent homoiogy among the t h r e e m a m m a l i a n e l e m e n t s , e l e m e n t in E^ C£2_l may be s u g g e s t i v e of a f u n c t i o n a l r o l e , a l t h o u g h 1t has not been e x p e r i m e n t a l l y t e s t e d . S e v e r a l E_^ £ £ _ H g e n e s h a v e been s h o w n to h a v e r e g u l a t o r y s e q u e n c e s u p s t r e a m of the consensus °-35° and P r i b n o w box e l e m e n t s (65, 66) . be t h a t e l e m e n t s c o n s e r v e d among E^ col i and m a m m a l i a n DHFR genes ought to be p r e s e n t 1n the Le1shman 1a DHFR-TS gene as w e l l , whose 5' end encodes the DHFR p r o t e i n domain (27, 28) . 
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